Purpose. The aim of this article was to define the somatic characteristics, BMI index, age and total distance covered of football players who participated in the 2008 European Football championships. The article also pointed to any significant interrelationships. Methods. On the basis of a game analysis system, the castrol Performance Index, the 248 football players who participated in all 32 games of the championships were subject to analysis based on the distance covered during the games, with the results statistically analyzed and compared with the players' somatic characteristics. In addition, the Kruskal-Wallis test was used as a non-parametric counterpart of one-way analysis of variance. Results. The highest values of the somatic characteristics such as height, body mass, age and the BMI index were found in goalkeepers. The longest distances covered during the games were attained by midfielders and side midfielders, whereas the shortest distances covered were by goalkeepers and central defenders. Larger values of height and body mass corresponded to smaller covered distances by players during the games. Conclusions. The indicated dependences, which were found among the players' age, height, body mass and covered distance during the games allows one to define the usefulness of a player in a particular team formation. The covered distance, particularly in correlation with the mentioned morphological indicators, which to a great extent are genetically conditioned, could be used as criterion towards specifying in the most accurate way which formation a particular player should play in, based on his genetic predisposition.
Introduction
There is increasing interest in the analysis of football matches based on the empirical data that can be observed during gameplay. Any relevant aspects that can have influence on players' performance are sought out, as this data can provide a precise estimate of players' capabilities and, therefore, be a contributing factor to sporting success. Observation is the most useful method in noting the specific actions that occur in a game of football, which, by basing it on the activity of the players, provides pertinent information about the contribution of each player within the collective effort of a team [1, 2] . This method of observation is used to describe the structure and functional characteristics of the players who play in the world's leading football teams [3] [4] [5] [6] [7] . Here, kinetic studies are a useful method in analyzing the involvement of a player during a match [8] . The main benefits of this non-invasive form of data collection is the possibility of determining the distance covered by individual football players during gameplay as well as the acquisition of data related to the duration and frequency of participation of various types of player behaviors during a game. These results can provide knowledge of players' energy expenditure as well as the work performed and its intensity during gameplay [9] .
The nature of physical exercise that is present in the game of football is a complex process due to its dynamic, random and intermittent nature [10] . This fact necessitates the involvement of many bodily processes in a football player, which of special importance are the body's aerobic processes, which should have very high values in football players [3, 5, 11] . Highlevel football players perform from 150 to 250 game actions and almost 1100 changes in the direction of travel on the field. There are considerable individual variations in the physical capabilities of players during gameplay, and, as such, they are conditioned by the physical abilities and the role played by each of the players on a team [10, 12] . The game of football forces these high-level players to perform extremely arduous work in moving non-stop around the football field for a total 90 minutes. On average, the world's elite players cover a distance of 10 000 to 13 500 metres during each game [1, 2, 12] . The variation in the distance covered depends on the formation and position played. The greatest distances covered in a game are by midfielders, on average about 11 500 m, while for those playing defense and offense, about 10 500 m [7, 13] .
Among many other factors, some that are considered the most important in assessing the performance of football players include the player's experience, body height and mass, ambition, endurance and their balance between aerobic and anaerobic processes [9] . The position that a player plays on the field also affects their total energy expenditure in a game. It is suggested that, among the players that play in certain formations, there are significant differences in their height and weight as well as body mass index values. researchers have found that the role of the player in a formation during gameplay has a huge impact on players' energy expenditure [8, 10, 14] .
Therefore, in this paper, the authors calculated the somatic characteristics and age of the high-level players that participated in the 2008 European Football championship finals, broken down among the specific formations played, and attempted to determine the relationship between these characteristics and the distance covered by the players during a match. It was hypothetically assumed that the distance covered during a match is different, depending on the formation as well as the somatic characteristics and age of the players.
Material and methods
For this study, data was collected from a game analysis system, the castrol Performance Index. This Index is an advanced and complex data collection system that had been previously used in military aviation to track enemy targets. Two camera systems, each composed of four cameras, monitor and record every second of the game on the entire field. The players are given individual tracking codes by which the cameras are able to recognize and follow them while recording.
Previously, game analysis systems focused on developing post-game analysis, using human visual observation in noting passes and goal shots. The castrol Performance Index is a tool that can accomplish the same thing, but in real time, collecting data from cameras that record at 25 frames per second. This system is able to log the following parameters: a) the position of all the players at any given moment during the game, b) the speed of the players and ball, c) the distances between the players, d) the distance travelled on the field, e) the actions performed between players, f) and referee statistics [15] .
Besides the standard division of players into the four existing football positions: goalkeepers, defenders, midfielders, and strikers, this study further subdivided the positions of defenders and midfielders into those who play central and wide positions. This division was based on the increasingly varied tasks of players who play in those formations. Most teams make use of tactics where one striker is supported by his side midfielders, as wings during an offensive phase, or two strikers who play close together, therefore, the striker formation needed no additional division of its players' positions.
This study also took into consideration the distance covered by goalkeepers, which in many studies is omitted due to the specificity of that position, although the goalkeeper does take on the role of acting as the last defender. The shorter distance that is covered by these players influence, to some extent, the values calculated for the mean distance covered.
The data used in the study was the total distance travelled by the 248 players in all 32 games of the men's European Football championships in 2008 as well as their somatic characteristics. The measurement of total distance covered includes the total distance measured during an entire game as well as broken down into each of its halves. When calculating the mass, height and age of the players, data was collected from the championship's official website [16] , with the results given in kilograms (kg), metres (m) and years (y), respectively.
Using statistical software, calculations were made on all of the obtained data. common measurements, such as the arithmetic mean and the variability of standard deviation, were used. since the analyzed variables did not meet the assumptions necessary for parametric tests due to a lack of normal distribution and equal variance, as well as finding that the variables are not quantifiable, the Kruskal-Wallis test was used, as it is a non-parametric equivalent of one-way analysis of variance. Any difference was defined as statistically significant at p < 0.05.
Results
Analysis of the players' somatic characteristics found that the mean body height was 182.5 ± 6.6 cm while body mass was found to be 76.5 ± 6.5 kg. The weight-height coefficient of BMI was calculated to be 22.9 ± 1.0, and the mean age was 27.9 ± 3.9 y (Tab. 1). significant statistical differences at p < 0.05 were found in the subjects' morphological characteristics and age as well as the covered distance in the specific formations, as evidenced by the high values in the Kruskal-Wallis test (Tab. 2).
The highest body height in relation to the players of the other formations was those of goalkeepers, at 189.7 ± 4.8 cm. similar values of this parameter were found in central defenders, at 186.7 ± 5.0 cm, however this value was not significantly different, when compared to the rest of the formations. Among the analyzed formations, those with the lowest values of height were those of side midfielders, at 179.0 ± 5.3 cm, and central midfielders, at 179.6 ± 5.9 cm. These values were significantly lower than the height values of strikers, at 182.8 ± 6.9 cm, and side defenders, at 181 ± 5.2 cm (Tab. 2).
In addition, the body mass of goalkeepers, at 84.4 ± 5.1 kg, was significantly higher than in the other formations. The lowest body mass was found among players playing as side midfielders, at 72.6 ± 4.8 kg (a value significantly lower than in the other analyzed groups of players), and central midfielders, at 74.7 ± 5.7 kg, as well as side defenders, at 74.7 ± 5.8 kg. similar to what was found with height, central defenders had the mass closest to those of goalkeepers, while comparable values were found for side defenders and central midfielders with strikers (Tab. 3).
Among the players who were goalkeepers, the weight-height coefficient BMI was found to be 23.4 ± 0.9, which also was found to be the highest, and very close to the values found in central midfielders, at 23.1 Age was also found to be significant in the players of each formation. In this case the highest values were again found in goalkeepers, at 30.5 ± 4.9 y. This value was significantly higher when compared to players who played as side midfielders, at 26.1 ± 2.6 y (this formation was composed of the youngest players), side defenders, at 27.2 ± 3.2 y, and strikers, at 27.5 ± 3.5 y (Tab. 5).
Analysis of the distance covered in the analyzed championships found that, on average, each player covered a distance of 9813 ± 1990 m. This distance was very symmetric when taking into account the two halves of a match, which was found to be 4908 ± 1016 m in the first half of the match and 4904 ± 1007 m in the second half (Tab. 6). significant differences were found in the covered distance among the team formations, as evidenced by the high value in the Kruskal-Wallis test, at H = 395.963. The longest distance measured during the matches was by central midfielders, at 11 036 ± 695 m, and was significantly longer when compared to the other analyzed formations. In addition, side midfielders also covered significantly longer distances, at 10 867 ± 788, than the players in the other formations (except central midfielders). The specificity of playing as a goalkeeper meant that these players covered on average the shortest distance during matches, at 4183 ± 647 m. Among the outfield players, the shortest distance covered during the games was by central defenders, at 9394 ± 623 m, while strikers, at 10 310 ± 734 m, and side defenders, at 10 160 ± 596 m, were found to be quite similar to each other (Tab. 7).
Analysis made on the two halves of the games did not find (except for goalkeepers) any significant differences among the analyzed groups of players. A significantly longer distance, of more than 4%, was found in players playing as goalkeepers in the second half of a game (Table 2 ). In both halves of the game, the longest distance measured was by central midfielders, in the first half at 5539 ± 366 m and in the second half at 5497 ± 410 m, and side midfielders, in the first half at 5436 ± 430 m and in the second half at 5430 ± 449 m. Besides goalkeepers, the shortest covered distance during the two halves of the game was found in central defenders, who covered 4696 ± 310 m in the first half at and 4697 ± 392 m in the second half (Tab. 8 and 9).
The strength of association between the covered distance and body height was found to have a value of r = -0.42, while the covered distance and body mass was r = -0.45, pointing to average correlation. It has been found that athletes characterized with greater body mass and height, in other words those who have a more massive figure, frequently cover shorter dis-tances. A similar conclusion was stated when using the BMI index. When this value was correlated with the distance covered, it was fond to be r = -0.25, which therefore signified a low degree of correlation, but significant at p < 0.05. similarly, the correlation between age and covered distance was also found to be at r = -0.24, also pointing to a low degree of correlation, but significant (Tab. 10).
Discussion
In order to achieve success in modern sport, not only does training need to begin at an early age but it is necessary to have knowledge on the genetic determinants that shape an athlete. Body composition, anthropometric measurements and morphological characteristics all play an important role in achieving sporting success [17] . The analysis conducted by the authors found that the present generation of elite European football players have higher body height and lower BMI than players in the spanish [18] , croatian [19] and Portuguese [20] football leagues at the beginning of the new millennium. This increased body height found among the players also correlates across the entire male population [21] .
The values of the tested morphological characteristics as well as the age of the players were found to be significantly different among the various studied formations. Goalkeepers were found to have significantly higher values of age when compared to the players of the other formations. The largest body mass in the analyzed tournament was also that of goalkeepers, as well as of central defenders, which corresponds to previous studies [4] . Undoubtedly, this is associated with the greater technical and tactical requirements of outfield players. such close relationships between these formations have also been found in the English and spanish leagues, while the mean body mass of the players who took part in the European Football championships was also close the body mass of players in the German league [22] .
The distance covered, especially when correlated with the morphologic characteristics, which themselves are largely genetically determined, may be a criterion towards determining what formation a player should play in by fully taking advantage of their energy capabilities [11, 23] . Previous studies have found that the longest distances covered during a match are by midfielders, while players that form the offense and defense decidedly less so [1, 24, 25] .
On average, the distance covered by the players in the analyzed tournament was found to be 9813 m, which is less than the distance covered by the player in professional European leagues, which was found to be 10 800 m [26] and by players in the Brazilian First division, at 10 024 m [1] . However, it must be taken into that account that the mean distance covered, as found in this study, was lowered by the inclusion of the distance travelled by goalkeepers. If the players of this formation were omitted, than the mean distance covered would have been 10 432 m.
It was found that, generally, the players in the first half of the game covered a distance larger than in the second half, at 5520 m and 5250 m, respectively [26] . This was also confirmed in another study, where the mean distance covered in a match was 10 860 m, where in the first half it was 5510 m, while in the second half, 5350 m [23] . The players in the analyzed tournament were found to have covered distances very similar to the ones above, in the first half at 5213 m, while in the second, at 5219 m. 
HUMAN MOVEMENT
The results of the study also found that the distance covered on the field by the players also significantly varied depending on what formation they played in. The longest distance among the analyzed European players was by center midfielders, at 11 036 m, and side midfielders, at 10 867 m, while in a study performed on the Brazilian First division, this was found to be held by side defenders, at 10 642 m, and only then by side midfielders, at 10 589 m, and central midfielders, at 10 476 m [1] . The mean shortest distance of the players was found in both studies to be held by strikers and central defenders. In this way was the analysis conducted on the players of European leagues confirmed [26] .
It appears that the distances covered by the players during the 2008 European Football championships were optimal when taking into account the intensity of the game, which ranged from 80% to 90% of maximum capacity and took place during a game lasting 90 minutes. Physiologically, it would be impossible to maintain a higher mean intensity for a longer period of time due to the accumulation of lactic acid in the blood and increasing fatigue [27] .
Conclusion
It was found that the highest values of body mass, height, age and the BMI index were among the players who play as goalkeepers. Among the football players of the other formations, significant differences were found in the values of the studied somatic characteristics.
The longest distance covered in a game was by those football players who are central and side midfielders, while the shortest distance covered, outside of goalkeepers, was by central defenders. significant differences were also found among the various formations.
Players with greater body mass and height covered shorter distances during the games. A similar occurrence was found, though with less significance, in the case of age and the BMI index.
